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/I?* Ab st rac t 

A method has been developed f o r  the unambiguous ident i f icat ion of 

some biologically important compounds by paper chromatography. Shadow- 

grams on photographic paper and autoradiographs on X-ray film have been 

combined t o  give a single precise technique. The uncertainty which 

arises from the ident i f icat ion based on Rf values alone is  eliminated. 
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. 
Introduction 

The isolat ion and ident i f icat ion of t race quantit ies of a host of 

natural and synthetic substances has been made possible by the use of 

paper chromatography. The Rf value o r  r a t i o  of distance traveled by 

substance t o  the distance traveled by solvent f ront ,  i s  generally used as 

the c r i te r ion  of ident i ty .  If two substances have the same Rf values i n  

two or more solvent systems, they are  assumed t o  be ident ical .  But although 

one often sees i n  the l i t e r a tu re ,  Rf values quoted t o  an astonishing degree 

of precision, experience shows t h a t  Rf 

guide, and should not be used as the sole means of identifying a substance. 

values are a t  best  only a rough 

Rf values are dependent on a large rimer of variables, among which 

may be mentioned: 

1. Composition of development phase 

2. Kind of paper 

3 .  Direction of paper 

4. Manner of development (descending, ascending, ascending-descending, 

r ad ia l )  

5 .  

6. 

7. Concentration of solute 

8. Presence of other substrates 

9.  Tenrperatwe of ~ Z - V ~ ~ G ~ E E I I ~  

The uncertainty accompanying the ident i f icat ion by Rf values alone 

i s  i l l u s t r a t e d  very pertinently from the  following study from some of our 

work on the radiolysis  of C1* labeled adenine. (I) An autoradiograph of an 

k n g t h  of paper used for  development 

Distance of stai=tiw 1i:e fim s s ~ v e t ~ t  
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i r radiated aqueous solution of adenine i s  shown on the right of figure 1. 

Two major products are  indicated, A and B. We ident i f ied A a s  4-6 diamino 

?-formamido pyrimidine and B as 8-hydrowadenine. The chromatographic 

ident i f icat ion was further confirmed by chelllical t e s t s  and u l t rav io le t  

spectrophotometry. 

A t  the sam t i m e ,  however, another group of workers reported that 

compound B w a s  adenine 1-N-oxide, basing t h e i r  ident i f icat ion on Rf 

The following Rf values for  8-hydroxyadenine and values alone 

adenine 1-N-oxide indicated that no precise different ia t ion could have been 

made on t h i s  c r i te r ion  alone: 

(2) 

Adenine- 8- OH Adenine-1-N- oxide 

Propanol-ammonia-water 0.47 0.51 

Butanol-propionic acid .61 .66 

Isobutyric ac id-ammania 54 58 

Butanol-water .62 .64 

To establ ish the ident i ty  of compo~ad B the chromatography of the 

or ig ina l  sample w a s  repeated, adding adenine-1-N-oxide as a car r ie r .  

solvent systems were composed of propanol-ammonia-water and butanol- 

pro~ionic ecirl-water . 
picture  (shadowgram) on the l e f t  of figure 1 are the adenine-1-N-oxide and 

the residual adenine. The dark spot B on the autoradiograph appears t o  be 

almost. coincident w i t h  the bright area on the shadowgram. Superimposition 

of t he  autoradiograph on the shadowgram indicated that  coincidence was not 

a l together  precise.  

solvent systems, isobutyric ac id -mon ia  and butanol-water , the  spot produced 

The 

The bright areas on the u l t rav io le t  absorption 

When the experiment w a s  then repeated i n  two other 
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by the unlabeled adenine-1-N-oxide shifted fur ther  away from the radioactive 

spot B (figure 2) .  

and the absorption would have coincided i n  both systems as  i n  the case of 

the residual adenine. 

If B w a s  indeed adenine-i-K-oxide, the r ad lwc t iv i ty  

I n  our experimental work we have developed a technique which gives 

unaxibiguous results. 

ear ly  as 1949 by Markham and h i s  co-workers fo r  the location of purines and 

Ultraviolet absorption photography has been used as 

Autoradiography has been extensively used since the pio- pyrimidines. ( 8 )  

In  the work we are  14 (4)  neering work of Calvin and h i s  associates with C 

reporting, the two techniques have been combined as one operation. 

method has been successfully used for purines, pyrimidines, amino acids 

and sugars. 

This 

Experiment a1 

compounds Isbeled c14 are used as s ta r t tng  materials i n  a l l  reactions 

studied. Nonradioactive car r ie rs  of the suspected resul tant  products of 

the experiment a re  added t o  the or iginal  material before chromatography. 

The mixture i s  then chromatographed i n  two dimensions on Whatman no. 4 

paper, previously washed with oxalic acid. 

Autoradiographs are prepared by placing an X-ray f i h  i n  ciose cuitast 

with the  chromatogram for a period determined by the amomt of radioactive 

mater ia l  present. Th i s  time may range from one day t o  six months. We have 

found t h a t  10,OOO dpm or  5 micromicrocuries produces a f a i r l y  well d e f l i ~ d  

spot on the X-ray f i l m  i n  approximately a week. 

appear as dark spots on the transparent X-ray f i l m .  

Radioactive compounds 

If the radioactive 
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products are  ident ica l  w i t h  the carr iers ,  the dark spots on the autoradiograph 

w i l l  correspond precisely t o  the bright spots on the shadowgram. 

When working w i t h  purines, pyrimidines, and other. u l t rav io le t  absorbing 

products, the shadowgrams are  prepared by shining an u l t rav io le t  l i gh t  

through the chromatogram on t o  Kodagraph contact paper. A General Electr ic  

germicidal lamp was used as the ul t raviolet  source from a distance of t en  

inches. The t i m e  of exposure i s  1-2 seconds. To insure close contact of 

the papers and therefore sharper prints,  a sheet of vycor glass  which trans- 

mits l i gh t  of the wavelength a t  which purines and pyrimidines absorb i s  

placed between the l i g h t  and the paper. The u l t rav io le t  absorbing areas on 

the  chromatogram appear as  well-defined white spots on a dark background. 

For greater certainty,  the area corresponding t o  the matching dark and 

bright spots i s  cut out from the paper chromatogram, eluted with a suitable 

solvent, and rerun i n  two different  solvent systems. 

of analysis i n  four separate systems. 

This i s  the equivalent 

If coincidence i s  established with 

t h i s  repeated procedure, the positive ident i f icat ion of the material can 

be assumed. 

With amino acids or sugars, the ca r r i e r s  are located on the chromato- 

pa with t h e  =id nf R color reaction. The shadowgram i s  prepared i n  the 

same manner as for  the purines and pyrimidines, but a v is ib le  l i gh t  source 

i s  used instead of an ul t raviolet  l ight .  The colored areas absorb the 

l i g h t  and a ve11-d.efined bright spot appears on a dark background. Fig- 

ures 3 ,  4, and 5 demonstrate the resul ts  obtained with purines and pyri- 

midines , amino acids and sugars. I n  a l l  these cases, it i s  under stood 

that the  amount of rgdioactive material i s  insuff ic ient  t o  be detected 

by a shadowgram alone. 
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This ident i f icat ion technique can be performed i n  reverse order also.  

When s ta r t ing  with unlabled material, a radioactive car r ie r  i s  added 

before spotting. The amount of radioactive product should be below the 

limit of de tec tab i l i ty  for  the shadowgram but large enough t o  produce a 

dark spot on the X-ray f i l m .  The l i m i t  of de tec tab i l i ty  when using unla- 

beled material i s  about 0.003 pg for  purines and pyrimidines, 0.04 pg 

for  amino acids and about 1 pg for  the sugars. 

Discussion 

O u r  work has been primarily concerned w i t h  purines, pyrimidines, 

amino acids and sugars. This coincidence technique, however, can be 

applied t o  many other compounds which w i l l  give a color reaction such as 

f a t t y  acids,  peptides, steroids,  e tc . ,  i n  f ac t ,  t o  any compound which can 

absorb u l t rav io le t  or vis ible  l igh t .  This technique was used for  the suc- 

cessful  ident i f icat ion of adenine among a large number of compounds formed 

by the electron i r rad ia t ion  of a mixture of methane, ammonia and water. (5) 

method w a s  instrumental i n  the ident i f icat ion of adenosine triphosphate. (6) 

In further experimental work on primordial organic synthesis the same 

The application of t h i s  coincidence technique provides an unanibiguous iden- 

t i f i c a t i o n  of compounds without the uncertaifity involved i n  using Rf 

values and often eliminating the need for  tedious chemical analysis. 
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